Historic,  Archive  Document 


Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


CROP  ROTATION  VS  CONTINUOUS  CROTPING  YIELDS 


J.  H.  S tailings 

Re5;e?rch  11  vision 
-oil  Conee-r\'at ion  ^'er-v'ice 
Washington  25,  D.  C, ' 

The  need  for  the  installation  of  sound  conservation  practices  on  farms  In  every 
section  of  the  country  is  becoming  more  appreciated  all  the  ??hile.    Considerable  . 
progress  has  been  made  along  this  line  as  a  result  of  the  efforts  of  Federal 
arid  State  agencies  but  much  remains  to  be  done  before  conservation  farming  i,s 
as  widely  practiced  as  conditions  warrant.    One  important  means  by  Vi^hich  this 
program  can  be  implemented  is  by  the  collection,  analysis  and  presentation  of 
important  data  bearing  upen  various  conservation  practices. 

Much  has  been  done  to  show  the  importance  of  crop  rotation  as  a  sound  conserva- 
tion measure  and  many  farmers  are  novr  practicing  it  in  varying  degrees.  However, 
much  can  be  done  by  getting  many  of  those  farmers  now  practicing  rotation  to 
improve  their  present  system  and  by  introducing  crop  rotation  to  the  tens  of 
thousands  of  farmers  over  the  country  not  now  using  it. 

Realizing  the  need  for  a  more  universal  use  of  suitable  rotations  on  most  of 
the  farms  throughout  the  country,  an  attempt  has  been  made  to  collect,  analyze 
and  present  important  data  showing  the  relative  value  of  different  types  of 
rotations  as  eonipared  with  continuous  culture,    Unf oiirunately,  however,  there 
is  a  scarcity  of  data  suitable  for  making  appropriate  comparisons. 

For  tbis  study,  yield  data  for  the  various  crops  were  reduced  to  total  digestible 
nutrients  and  the  differences  in  yields  resulting  from  the  use  pf  rotations  over 
those  of  continuous  culture  wore  expressed  in  terms  of  com  equivalent,  yhis 
basis  of  comparison,  shoiild  be  fairly  satisfactory  for  a  livestock  system  of 
farming  but  it  has  its  limitations  v/hon  applied  to  other  types. 

For  one  thing  the  cost  of  producing  a  given  amoimt  of  total  digestible  nutrients 
may  vary  appreciably  with  different  crops.    Even  though  oats  or  wheat  may  produce 
smaller  yields  per  acre  than  com,  "rhen  measured  in  terms  of  total  digestible 
nutrients,  the  difference  in  the  cost  of  growing  the  small  grain  may  be  suffi-  • 
ciently  in  their  favor  to  make  their  production  more  profitable  than  corn. 
Neither  should  the  market  value  of  the  crops  being  considered  be  overlooked. 
There  may  be  sufficient  price  differential  betv/een  crops  to  jiistify  the  produc- 
tion of  one  over  another,  even  though  the  higher  priced  one  may  be  distinctly 
lower  yielding  than  the  other. 

One  crop  may  be  favored  more  by  local  soil  and  climatic  conditions  than  another. 
This  is  particularly  true  in  those  areas  vrhere  available  moisture  is  apt  to  be  ;  ' 
a  decisive  factor.    It  is  of tea  profitable  to  grrm  wheat  or  oats  wherfe  ii  would 
not  be  for  corn  because  there  is  not  sufficient  moisture  available  or  else  it  is 
available  during  the  wrong  season  for  com.    The  use  of  small  grain  crops  in  a. 
rotation  also  permits  a  more  economical  use  of  labor  than  continuous  corn  i 
culture.    Small  grains  also  have  an  added  value  in  many  places  as  a  nurse  crop"' 
or  companion  crop  for  clover,  alfalfa  and  other  close  growing  crops, 

Bince  the  object  here  is  to  show  the  effect  of  rotation  over  continuous  culture, 
only  those  data  vrere  selected  which  permitted  a  direct  comparison  of  the  two  ' 
\ystems.    It  is  not  claimed  that  all  such  data  available  have  been  used  but  it 
\s  believed  that  the  majority  of  these  have  been  included.    The  data  are  presented 
n  the  attached  table ,  .  - 
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A  careful  study  of  the  data  in  the  table  brings  out  some  interesting  facts.  One 
of  the  most  conspicuous  of  these  is  this,  that  unless  a  rotation  includes  a 
legume  or  sod  crop,  such  as  timothy,  the  average  annual  yields  in  tenns  of  total 
digestible  nutrients  based  solely  on  the  grain  are  not  necessarily  increased  as 
a  result  of  changing  from  continuous  culture  to  a  rotation.    This  is  particularly 
the  case  v/hen  oats  or  wheat  or  both  are  introduced  into  a  rotation  with  corn,  or 
when  either  or  all  of  these  are  introduced  into  a  rotation  with  timothy,  alfalfa, 
or  other  suitable  hay  crops . 

For  instance,  in  Indiana  the  average  annual  yield  from  continuous  com  was  2,103 
pounds  of  total  digestible  nutrients  per  acre  when  only  the  grain  was  considered, 
but  when  oats  vrere  introduced  into  a  two-year  rotation  with  corn  the  average 
of  the  total  yield  of  the  crops  declined  to  1,777  poTinds.    In  Illinois  the  yield 
for  continuous  corn  was  1,792  pounds  of  total  digestible  nutrients.    V/hen  oats 
were  introduced  into  a  two-year  rotation  with  corn  the  average  annual  yield  on 
the  plot  dropped  to  an  average  of  around  1,4-29  during  the  first  16  years  of  the 
experiment.    During  the  last  36  years  of  the  test  the  average  annual  yields  for 
the  two-year  rotation  of.  com  and  oats  were  slightly  larger  than  those  for 
continuous  com  in  both  the  unfertilized  and  fertilized  series.    The  yield  of 
continuous  corn. in  the  imfertilized  scries  was  1,133  pounds  total  digestible 
nutrients  compared  v;ith  1,164-  for  the  corn  and  oats  rotation.    In  the,  fertilized 
series  the  yields  were  1,864-  for  continuous  corn  and  2,014-  for  the  com  and  oats 
rotation .  ' 

The  com  and  oats  rotation  plot  in  Ohio  out-yielded  the  continuous  com  plot. 
However,  the  com  and  oats  rotation  also  included  sv/eet  clover  as  a  green  manure 
crop  whereas  the  continuous  com  plot  did  not,  consequently  the  results  are  not 
directly  comparable. 

In  practically  every  case  the  yields  for  continuous  wheat  were  larger  than  those 
for  continuous  oats.    Likewise  the  yields  for  a  tv^o-year  rotation  of  corn  and 
wheat  v/ere  greater  than  those  from  the  corresponding  com-oats  rotation  plots, 
but  not  as  large  as  for  the  continuous  corn  plots. 

The  data  in  the  com  equivalent  section  of  the  table  are  interesting  in  this 
connection.    The  addition  of  other  crops  to  oats  to  form  a  rotation  invariably 
resulted  in  the  production  of  higher  average  annual  yields  of  total  digestible 
nutrients  than  oats  grovm  continuously.    Substantial  increases  resulted  in 
every  case,  even  where  a  rotation  of  only  corn  and  oats    was  used.    The  increase 
was  much  more  substantial,  ho¥rever,  where  legumes  or  timothy  or  both  vrere  added 
t»  the  rotation.    The  results  for  soybeans  were  similg.r„.to  those  for  oats  in 
every  case  whure  they  vrore  grown  for  grain.    In  Qvciy  instance,  except  three, 
the  yields  from  continuous  v.'-heat  v.-ere  less  than  those  fjrom  .rotations  including 
wheat.    The  three  exceptions  were  in  Ohio  where  in  each  case  the  rotation 
included  soybeans  as  a  grain  crop.    More  important  still,  these  data  she  thst 
v/ithout  exception  the  average  annual  production  of  total  digestible  nutrients 
was  less  from  rotations  including  grain  crops  than  those  from  continuous  hay 
crops.    In  short,  v/hen  hay  crops  shared  time  --ith  grain  crops  the  average  overa? 
production  was  adversely  affected.    Corn,  on  the  other  hand,  being  intermediate 
between  oats,  v/heat  and  soybeans  on  one  hand,  and  clover,  alfalfa  and  timothy  on 
the  other  showed  a  mixture  of  declines  and  increases  for  production  in  the 
rotation  cycle  v^hen  it  shared  time  v/ith  other  crops  to  form  a  rotation  as 
compared  v.dth  continuous  corn, 
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Another  point  of  interest  is  that  the  inclusion  of  soybeans  as  a  seed  crop  in  a 
rotation  has  a  depressing  effect  on  the  overall  yield  during  the  rotation  cycle. 
They  consistently  yield  less  than  either  com  or  wheat  and  often  less  than  oats. 
Soybeans,  however,  are  not  generally  grown  in  the  strictest  sense  as  a  grain 
crop. 

One  of  the  most  important  features  brought  out  in  the  table  is  the  effect  of 
legumes,  such  as  clovers  and  alfalfa,  or  dod  crops,  such  as  timothy,  on  average 
annual  yields  of  crops  either  grown  continuously  or  when  included  in  a  rotation. 
These  results  indicate  that  the  longer  the  land  is  occupied  by  the  sod  crops 
the  greater  the  total  production  of  total  digestible  nutrients  as  a  rule. 

This  is  clearly  demonstrated  by  the  use  of  continuous  timothy  compared  with  its 
use  in  rotations  in  Missouri.  Continuous  timothy  on  both  the  unmanured  and  the 
manured  plots  produced  larger  yields  than  either  continuous  corn,  oats  or  wheat. 
The  introduction  of  these  grain  crops  into  the  rotation  at  the  expense  of  time 
previously  allotted  to  timothy  also  resulted  in  lower  average  annual  yields  for 
the  rotation  cycle.  This  is  substantiated  by  the  minus  signs  before  the  yields 
in  the  hay  column  where  yields  are  expressed  in  terms  of  com  equivalent. 

The  yield  data  in  Missouri  for  those  rotations  where  clover  was  used  may  be 
subject'  to  question  because  the  yields  for  continuous  timothy  were  assumed  to 
apply  equally  well  to  clover,  which  perhaps  is  not  the  case. 

Some  of  the  clover  yields,  particularly  in  Ohio,  are  low  because  of  the  large  . 
number  of  failures  of  this  crop  during  the  course  of  the  experiment.  This, 
however,  is  one  of  the  hazarxs  v/ith  which  the  farmer  has  to  contend  and  the 
results  should  not  be  passed  over  because  of  that  fact. 

Another  important  fact  brought  out  is  that  crop  rotation  alone  is  not  sufficient 
to  maintain  high  crop  yields.    The  use  of  additional  plant  nutrients  in  the  form 

«f  commercial  fertilizer,  manure,  and  limestone  are  essential  if  production  is 
■  be  maintained  at  a  high  level.    For  example,  in  Missouri  the  use  of  manure 

^creased  the  yield  of  continuous  corn  79  percent,  continiwus  oats  and  wheat, 

nd  82  percent,  respectively,  and  continuous  timothy  102  percent.    The  increases 
due  to  the  use  of  manure  in  the  three-,  four-  and  six-year  rotations  were  signi- 
ficant also.    They  were  91,       and  67  percent  for  the  three-,  four-  and  six-year 
rotations,  respectively.    The  yields  of  the  four-year  rotation  plots  were  doubt- 
less influenced  to  some  extent  by  the  lime  that  blew  in  from  the  road.  The 
increase  in  yields  from  the  use  of  fertilizer  in  Virginia  v/ere  94-  percent  for 
continuous  corn,  124  for  continuous  wheat,  80  for  continuous  clover  and  98  for 
the  four-year  rotation  of  corn,  wheat  and  two  years  of  clover. 

The  use  of  "manure  vin  addition  to  cwnmercial  fertilizer  resulted  in-furthei^-Trortb-- 

while  increases  in  yields.    The  increases  resulting  from  the  use  of  manure  were 

percent  for  continuous  corn,  29  for  continuous  wheat,  55  for  corn  (soybean) 
v/heat  (soybean)  rotation  and  19  percent  for  the  corn-v/heat  rotation. 

It  is  also  significant  to  note  that  the  cropping  systems  v^hich  produce  the 
greatest  yields  are  those  vrhich  experiments  have  shov.Ti  to  result  in  the  smallest 
loss  of  soil  and  v/ater.    Results  obtained  at  the  several  soil  erosion  experiment 
stations  throughout  the  country  shov/  that  soil  and  v/ater  losses  are  much  lower 
on  fields  devoted  to  close  grov/ing  or  sod  crops  than  those  devoted  to  cultivated 
crops  such  as  corn,  or  even  to  such  close  grovring  crops  as  oats  and  wheat, 
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Corn,  So7haani,  Vhaat,  Clovar 

Corn,  Vhaat.  Alfalfa 

Corn,  Vhaat.  Tlaothjr,  Clorar 

Corn,  Sojbaana,  Vhaat  (Snaatolorar) 

Corn,  Vhaat.  Svaatolow 

Corn,  cootlauoni 

Corn,  contlnuoua 

Oati ,  oontlmioua 

Oata,  contlnuoua 

Vhaat,  contlnuoua 

Vhaat,  contlnuoua 

Tlaothj*,  contlououa 

TlBothy,  contlnuoua 

Corn,  Vhaat,  CloTar 

Corn,  Vhaat,  CloTar 

Corn,  Oata,  Vhaat.  Gldrar 

Corn,  Oata,  Vhaat,  Clorar 

Cora,  Oata,  Vhaat,  Cltfrar,  TUothr  (2) 

Corn,  Oata,  Vheat.  Clorar,  Tlaott^  (2) 

Corn,  contlnuoua 

Corn,  oontlnuoua 

Vhaat,  oontlnuoua 

Vhaat,  contlnuoua 

Core  (Soybaana),  Vhaat  (Sojbaana) 

Corn  (Soybaana),  Vhaat  (Sojrbaana) 

Corn  (So7baana),  Vhaat,  Bad  Olorar 

Corn  (Soybaana),  Vhaal,  Rad  OIoTar 

Corn,  Vhaat 

Corn,  Vhaat 

Corn,  contlnuoua  6/ 
Vheat,  contlnuoua  6/ 
CloTer,  contlnuoua  6/ 
Corn,  Vhaat,  CloTar  (2)  6/ 
Corn,  contlnuoua 
Vheat,  contlnuoua 
OIoTar,  contlououa 
Core,  Vheat,  CloTar  (2)  JJ 

Corn,  contlnnouk 

Data,  contlnuoui  (SwattcIoTer) 

Vhaat,  contlnuoua  (Sua etclorar) 

Soyheant,  contlnuoua 

Corn,  Bad  CloTer 

Corn,  Svaatclovar 

Corn,  Soybeans 

Corn.  Oatn,  (^aetelOTar) 

Corn,  Vtleat  (dvaetclOTar) 

Soybaana,  Vheat ,  (SwaatclOTar) 

Corn,  Vhaat,  Bad  Clonr 

Corn,  Oata,  Had  CloTar 

Corn,  Mhaat,  SweetclOTar 

Corn.  Vhaat.  Alfalfa 

Corn.  Vheat,  TlBOthy 

Soybaana,  Vhaat,  Bad  CloTar 

Corn,  Oata,  Vhaat,  Bad  CloTar 

Corn.  Oata,  Vhaat.  Tlxothy 

Corn,  Corn,  Vheat.  Bad  Clorar 

Corn.  Soybeaca,  Vhaat,  Bad  CloTar 

Corn,  Oati.  Red  CloTer,  Vheat,  (Swaatclovei 

Corn,  Oata  (9weatclo«ar) ,  Cora,  Vhaat  {S.el 

Cora,  Alfalfa  (3) 

Corn,  Oats,  Vheat,  Clover-Tlaothy .  Tlaotl^ 
Corn.  Vhaat.  ClOTer-llmotby ,  Tiaottv  (3) 
Corai^Vhaat,  CloTer-Tlfflothy ,  Tlaotbgr 
3orn(5),  Vhaat,  Clorar 
Corn,  Oati,  Alfalfa  (3) 

Cora,  contlnuoat  8/ 
Corn.  Oata  8/ 
Corn,  Oata,  Clorar  Bf 
Corn,  contlBUoua  2/ 
Corn,  Oata  2/ 
Corn,  Oata,  Clorar  9/ 
Corn,  contlnuoui  11/ 
Cora,  Oata  11/ 
Core.  Oata,  Clorar  U/ 
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3  year*  only. 

_  }J  Soybaana.  U/  U.ad  .  , 

pho.phate  ersry  four  year..  8/  Startei  xlth  Tlrgln  aoil  in  1888.  2/  pl»t.  a.  u.ed  in  8/  froa  l^OU-l'j-'i  without  treataant.    10/  froa  1901*  throu^li  1918  .te»ad 

'.ing  in  1519  tbe  rate  of  bone  aeal  waa  reduced  to  50  pound,  au:  the  rock  phcpbata  to  200.    11/  Saa.  aa  ^  except  for  the  fact  the.,  plot,  ware  f.rtiliied  aa 
:e  1909  all  application,  were  in  direct  proportion  to  the  crop,  reaored  froa  the  re.pectlTe  plot.;  that  i.,  in  taoust.  equal  in  wel(ht  to  tha  air-dry  wal(ht  of 


